Objective: To use fMRI to investigate whether hippocampal and entorhinal activation during learning is altered in the earliest phase of mild cognitive impairment (MCI). Methods: Three groups of older individuals were studied: 10 cognitively intact controls, 9 individuals at the mild end of the spectrum of MCI, and 10 patients with probable Alzheimer disease (AD). Subjects performed a face-name associative encoding task during fMRI scanning, and were tested for recognition of stimuli afterward. Data were analyzed using a functional-anatomic method in which medial temporal lobe (MTL) regions of interest were identified from each individual's structural MRI, and fMRI activation was quantified within each region. Results: Significantly greater hippocampal activation was present in the MCI group compared to controls; there were no differences between these two groups in hippocampal or entorhinal volumes. In contrast, the AD group showed hippocampal and entorhinal hypoactivation and atrophy in comparison to controls. The subjects with MCI performed similarly to controls on the fMRI recognition memory task; patients with AD exhibited poorer performance. Across all 29 subjects, greater mean entorhinal activation was found in the subgroup of 13 carriers of the APOE ⑀4 allele than in the 16 noncarriers. Conclusions: The authors hypothesize that there is a phase of increased medial temporal lobe activation early in the course of prodromal Alzheimer disease followed by a subsequent decrease as the disease progresses.
Since the earliest pathologic changes in Alzheimer disease (AD) are thought to occur in medial temporal lobe (MTL) brain regions, particularly the hippocampal formation (HF) and entorhinal cortex (EC), there is growing interest in using fMRI to assess the integrity of MTL function in very early AD. Studies conducted in patients with a clinical diagnosis of AD consistently show that MTL activation is decreased in comparison to older controls. [1] [2] [3] [4] [5] Relatively few fMRI studies have investigated subjects whose cognitive function falls between that of normal aging and mild AD, a condition often referred to as mild cognitive impairment (MCI), and results thus far have been inconsistent. 1, 5, 6 It is increasingly clear that groups of individuals with MCI are heterogenous, 7 and this clinical heterogeneity may, in part, explain differences between previous fMRI studies of MCI. If MCI encompasses the entire transitional continuum between normal aging and dementia, as has been proposed, 7 then individuals at the boundary between normal aging and MCI should have less underlying pathology and less memory impairment than individuals at the boundary between MCI and AD. Our previous fMRI study demonstrated that this range of clinical impairment is reflected in MTL activation, with increased activation in MCI subjects who were more impaired compared with those who were less impaired. 6 It is not yet clear, however, whether MTL activation is increased or decreased in MCI subjects with very mild symptoms compared to normal older individuals. It is also unknown whether changes in MTL function in very mildly impaired individuals precede significant atrophy of MTL regions.
To address these questions, we performed an fMRI study using a face-name associative memory task in three groups of older persons: 1) cognitively intact individuals, 2) subjects with MCI, and 3) patients with probable AD. For the MCI group, we specifically selected individuals with mild functional difficulty in daily life, suggesting that they were on the mild end of the MCI spectrum. Based on our previous findings, we hypothesized that patients with AD would demonstrate decreased MTL activation, but the MCI subjects would exhibit increased MTL activation in comparison to older controls. Moreover, we hypothesized that while patients with AD would demonstrate decreased volume in MTL regions, the increased activation in early MCI subjects would be present in the absence of significant MTL atrophy.
Methods. The study involved 29 older individuals. Of these, 18 were participants in a longitudinal study of aging and the evolution of AD, and were recruited through the print media (rather than from a clinical or other medical referral source). 8 Another 11 subjects were recruited from tertiary memory disorders clinics. All subjects provided informed consent in accordance with the Human Research Committee guidelines of the Massachusetts General Hospital (Boston, MA). None of the subjects in the present study were participants in our previous fMRI studies. 4, 6 All subjects underwent a comparable clinical, neuropsychological, and laboratory evaluation, and were required to be free of significant underlying medical, neurologic, or psychiatric conditions. Based on the results of this evaluation, subjects were assigned to one of three clinical groups.
Ten subjects met criteria for normal cognitive function in that they had an overall Clinical Dementia Rating (CDR) of 0. All 10 of these normal older controls were participants in the longitudinal study mentioned above.
Nine individuals met the following criteria for MCI 9 in that they 1) had a memory complaint corroborated by an informant, 2) had normal general cognitive function, 3) had normal activities of daily living, 4) had an overall CDR rating of 0.5, and 5) were not demented. Given the present study's focus on the very mild end of the MCI spectrum, we selected subjects whose CDR Sum of Boxes score ranged from 0.5 to 1.5, with at least a 0.5 in the memory subcategory, and we did not require that subjects perform below specific cutoffs on psychometric testing. All but one were participants in the longitudinal study.
Ten subjects met clinical research criteria for probable AD. 10 All of the patients with AD were recruited from tertiary memory disorders clinics, and had either been off cholinesterase inhibitors for at least 30 days prior to scanning or had never taken these medications.
The CDR ratings were derived from a semi-structured interview. This interview generates both an overall CDR rating and a measure known as the CDR Sum of Boxes. The interview was based on the Initial Subject Protocol that was used in the development of the CDR scale. 11, 12 It includes a set of questions regarding functional status, asked of the subject and a collateral source (e.g., family member or friend), and a standardized neurologic, psychiatric, and mental status evaluation of the subject. In the current study, each interview was administered by a skilled clinician (e.g., psychiatrist, neurologist, neuropsychologist, or physician's assistant) and took approximately 1 to 2 hours to complete. The mean inter-rater reliability of the CDR ratings was high (r ϭ 0.99, p Ͻ 0.0001), as was the inter-rater reliability of the 6 CDR subcategories (r ϭ 0.90) that were used to generate the overall CDR rating. 8 The CDR Sum of Boxes represents the sum of the ratings in each of the six CDR subcategories.
MRI procedures. Data acquisition. Subjects were scanned using a Siemens Trio 3.0 Tesla scanner (Siemens Medical Systems, Iselin, NJ) with a three-axis gradient head coil. First, high resolution structural data were acquired (Siemens MP-RAGE sequence: repetition time (TR)/inversion time (TI)/echo time (TE) 2,730/1,000/3 msec, field of view (FOV) ϭ 256, FA ϭ 7°, 128 sagittal slices, thickness ϭ 1.33 mm, matrix 192 ϫ 256. Due to subject discomfort, one subject's high-resolution structural data were acquired at a separate session on a 1.5 Tesla General Electric scanner using an SPGR sequence: TR/TE ϭ 35/5 msec, FOV ϭ 240, FA ϭ 45°, 124 coronal slices, thickness ϭ 1.5 mm, matrix 256 ϫ 256. Next, blood oxygen level-dependent (BOLD) functional data were acquired (Siemens gradient echo T2* sequence: TR/TE ϭ 2,500/30 msec, FA ϭ 90°, 30 slices, 5-mm thick with 1-mm gap, voxel dimensions ϭ 3.125 mm 2 ). Functional data were acquired in an oblique coronal orientation beginning at the occipital pole, perpendicular to the anterior-posterior commissure line, to maximize in-plane resolution in the hippocampus. Scanning time for each functional run was 4 minutes and 15 seconds, consisting of 102 time points per run (the first 4 time points were discarded for T1 stabilization).
fMRI activation task. The associative encoding task involved the learning of faces (previously unfamiliar to the subjects) paired with fictional first names. 4, 13 The face stimuli were color photographs taken with a digital camera (Fuji 800) with resolution of 924 ϫ 1,096 mp. The photographs were of individuals who varied in age (range 18 to 90 years) and ethnicity, with equal numbers of male and female faces. Popular first names were obtained from the public lists on the Internet of the most commonly used names for each decade from 1910 through 1990. First names were assigned to each face by the investigators. The face stimuli were centered on a black background with the first name printed in white below the face, forming a face-name pair. Visual stimuli were presented using a Macintosh Computer (Apple) connected to a Sharp 2000 color LCD projector. Images were projected through a collimating lens (Buhl Optical) onto a screen attached to the head coil during functional data acquisition.
Subjects were given explicit instructions to try to remember which name was associated with which face for later testing, and were asked to indicate with a button press whether each name "fit" each face. These stimuli were used in a block design paradigm with three conditions: 1) Novel: Each novel face-name pair was presented once for 5 seconds. Subjects viewed seven novel face-name pairs during each Novel block, seeing a total of 84 novel face-name pairs over the course of six functional runs. 2) Repeated: Two repeated face-name pairs (one male and one female) were presented for 5 seconds each, with the male and female face-name pairs alternating throughout each Repeated block: The two repeated face-name pairs were first shown to the subject in a practice run immediately prior to the functional runs, so that these stimuli were already somewhat familiar to the subjects prior to beginning the functional runs. Each repeated face-name pair was presented a total of 49 times over the course of the session. 3) Fixation: Subjects were instructed to look at a white fixation cross (ϩ) presented in the center of the visual field on a black background in order to focus the subject's attention in the visual domain.
Approximately 5 minutes after the scanning session was completed, all subjects underwent a brief forced-choice recognition test for a subset of the face-name pairs presented in the magnet. Fourteen of the faces shown during that scanning session were presented on a computer monitor outside the scanning room. Each face was shown with two names printed underneath: the correct name that was paired with the face during scanning and one incorrect name that was previously paired with a different face during scanning. The position of the correct name was counterbalanced across the post-scan test stimuli, and subjects were instructed to indicate the correct name by pointing to it on the computer monitor.
Data analysis. Functional-anatomic MRI data analysis. Freesurfer/FS-FAST analysis software was used to analyze the fMRI data (http://surfer.nmr.mgh.harvard.edu). Each of the six functional MRI runs was motion-corrected to the first run using the Analysis of Functional NeuroImages software 14 and then spatially smoothed using a three-dimensional Gaussian filter (FWHM ϭ 5 mm). The stimulus effects at each voxel were estimated by fitting the amplitudes of two boxcar functions (one for Novel and one for Repeated conditions) convolved with a gamma function to the BOLD signal across all runs. 15 The boxcar was delayed by 5 seconds with respect to block onset to account for the hemodynamic delay. A baseline offset and linear trend were also fit for each run. The residual error was used to estimate the variance of the noise. 15 Each subject's fMRI dataset was then coregistered to that subject's structural MRI dataset so that each individual's fMRI data could be localized with reference to their own neuroanatomic space. 16 Activation maps were generated for the contrast of Novel vs Repeated (NvR) conditions, which held the visual complexity of the stimuli constant, and thus provided information on the encod-ing of novel face-name pairs compared with the viewing of familiar face-name pairs.
The structural MRI data were also used to generate two anatomic MTL regions of interest (ROI): the hippocampal formation (hippocampus proper, dentate gyrus, and subiculum) and entorhinal cortex (including subjacent white matter). ROIs were drawn manually (by B.C.D. and D.H.S.) on multiple slices of the structural MRI in both the right and left hemisphere, following previously published protocols. 17, 18 Reliability data for these procedures have been previously reported. 18 Raw ROI volumetric data were analyzed, as were ROI data divided by mid-sagittal intracranial area to account for the potential contribution of differences in head size. 19 The extent of fMRI activation in the NvR contrast was examined within each ROI, using a modified version of a previously reported method. 6, 20 Extent of activation was defined as the number of voxels activated over the significance threshold (p Ͻ 0.01) within the structural ROI (i.e., number of significantly activated voxels for a given contrast). For correlational analyses, we examined both absolute extent of activation (the absolute number of activated voxels) and relative extent of activation (the number of activated voxels divided by the total number of voxels in the ROI); for group comparisons, we examined relative extent of activation.
APOE genotyping. The APOE polymorphisms were genotyped by restriction fragment length analysis following PCR from 10 nanograms of genomic DNA, as described previously. 21 Statistical analyses. Group comparisons were performed using analysis of variance (ANOVA), with a priori-specified planned contrasts, to evaluate differences between subject groups with regard to specific characteristics of interest. Pearson correlations and partial correlations (adjusting for covariates) were performed to examine relationships among the primary variables of interest. In addition, the effects of potential confounding factors, such as age and education, were analyzed as covariates. These statistical analyses were performed using SPSS 11.0 (Chicago, IL). The subjects in the AD group (n ϭ 10) were mildly to moderately impaired with a mean MMSE score of 21.1 (range ϭ 15 to 24). Of the 29 subjects, 13 were heterozygous carriers of the APOE ⑀4 allele: two control, four MCI, and seven AD subjects. The demographic, clinical, psychometric, and genetic data for the three subject groups are presented in the table. The mean educational level of the MCI subjects was high at 18.4 years, which was greater than that of the other two groups (p Ͻ 0.05). Performance on the California Verbal Learning Test 23 did not differ between the MCI and control groups with or without adjustment for educational level.
Results
Performance on fMRI associative memory task. The MCI subjects did not differ from the older controls in their performance on the post-scan recognition memory task: MCI subjects correctly recognized 85% (SD ϭ 6.6%) of the names associated with the faces, while controls recognized 87% (SD ϭ 12.5%; group mean comparison, p ϭ 0.66). The AD patients correctly recognized 66% (SD ϭ 11.6%) of the names, a difference from that of controls and MCIs (p Ͻ 0.005). The addition of education as a covariate in this analysis did not affect the results. There was no difference in task performance between APOE ⑀4 carriers and noncarriers (p ϭ 0.32). Performance on this test was not correlated with the subjects' age (p ϭ 0.23) or education (p ϭ 0.12).
fMRI data: Group differences in HF and EC activation. The extent of MTL activation in the NvR contrast was examined using two-way repeated measures ANOVA with hemisphere (right or left) as the within-group factor and subject group and APOE genotype (⑀4 carrier or noncarrier) as between-group factors. Where not explicitly stated, these analyses did not identify genotype or hemisphere effects, nor interactions between factors. For the HF, a main effect was found for subject group (F[2, 22] ϭ 9.0, p Ͻ 0.001). Planned contrasts between groups showed that MCI subjects had a greater extent of hippocampal activation than controls (p Ͻ 0.03), and that patients with AD had a lesser extent of hippocampal activation than controls and MCI subjects (p Ͻ 0.005). The same analysis for the EC demonstrated main effects for group (F[2, 22] ϭ 4.5, p Ͻ 0.02) and genotype (F[2, 22] ϭ 7.4, p Ͻ 0.02). In this analysis, MCI subjects did not differ from controls in extent of entorhinal activation (p ϭ 0.44), but patients with AD showed a lesser extent of entorhinal activation than controls and MCI subjects (p Ͻ 0.02). Interestingly, carriers of the APOE ⑀4 allele activated a greater extent of EC than noncarriers (p Ͻ 0.02). The results of similar analy-ses with age and education entered as covariates did not differ. Figure 1 provides examples of the anatomic ROIs and functional activation maps. Figure 2 shows MTL extent of activation data, and figure 3 illustrates genotype effects on activation.
Structural MRI data: group differences in HF and EC volume. Next, the volumes of MTL ROIs were examined. For the HF, ANOVA analyses as performed above demonstrated a main effect for group (F[2, 22] ϭ 13.5, p Ͻ 0.0005). Similarly, this analysis for the EC demonstrated a main effect for group (F[2, 22] ϭ 11.1, p Ͻ 0.0005). Planned contrasts showed that the MCI subjects and controls did not differ in hippocampal (p ϭ 0.87) or entorhinal volumes (p ϭ 0.56), but that patients with AD had smaller hippocampal (p Ͻ 0.0005) and entorhinal volumes (p Ͻ 0.0005). Similar results were found when volumetric data adjusted for intracranial area were analyzed. There were no genotype or hemisphere effects, nor interactions. fMRI and volumetric data: relationship to memory task performance. We analyzed the relationships of the functional and structural MRI variables to memory task performance. No significant correlations between these variables were found within individual subject groups (e.g., controls or MCI), likely due to small sample size. Across the entire group of 29 subjects, there were correlations between performance and extent of MTL activation (absolute number of voxels activated in the NvR contrast) in the right EC (r ϭ 0.49, p Ͻ 0.01) and left HF (r ϭ 0.42, p Ͻ 0.03), along with a similar trend for the right HF (r ϭ 0.33, p ϭ 0.08). As for structural MRI measures, correlations were found between memory performance and ROI volumes for the right HF (r ϭ 0.47, p Ͻ 0.02) and right EC (r ϭ 0.41, p Ͻ 0.03); a trend was present for the left HF (r ϭ 0.32, p ϭ 0.09). A stepwise multiple linear regression model showed that, of these variables, memory task performance was best predicted by a combination of right EC and HF activation and right HF volume (R 2 ϭ 0.55, F ϭ 10.0, p Ͻ 0.0005).
Discussion. Our findings show that subjects with MCI with relatively mild functional difficulties in daily life demonstrate greater hippocampal activation during memory task performance than older control subjects. Conversely, patients with AD show significantly less hippocampal activation than controls or MCI subjects. The subjects with MCI performed similarly to controls on the fMRI recognition memory task; patients with AD exhibited poorer performance. These findings support the hypothesis that the degree of memory-related MTL activation in MCI is related to subjects' overall level of clinical impairment along this transitional continuum between normal aging and dementia. Moreover, compared to older controls, individuals in the early stages of MCI demonstrate increased MTL activation when a memory task is administered that they can still perform.
We hypothesize that the variation in findings among previous reports likely relates in large part to differences in the subjects' clinical characteristics. For example, an MCI cohort in a recent fMRI study probably represented the relatively more impaired end of the MCI continuum, since they had sought clinical evaluation for a memory complaint and demonstrated impairment on psychometric memory testing similar to that of patients with AD-MTL activation in this group was similar to that of patients with AD. 5 In contrast, the subjects in another previous fMRI study were recruited from a community-based longitudinal study rather than a clinic, which may have resulted in greater heterogeneity in the subject population; heterogeneity was also present in MTL activation. 1 In our previous fMRI study we purposely selected individuals who represented a broad spectrum of persons with MCI (as their CDR Sum of Boxes scores ranged from 0.5 to 3.0), and demonstrated that MTL activation was systematically related to their overall degree of clinical impairment. 6 In the present study, we specifically focused on individuals who represented the mild end of the MCI spectrum. MTL activation in these subjects was significantly greater than that of older controls.
The variability of fMRI findings in previous studies of MCI may also relate to subjects' performance on the specific memory task employed in the fMRI paradigm, since greater MTL activation during en- Figure 4 . Group mean volumetric MRI data. Standard manual volumetric protocols were used to measure regions of interest (ROIs) for the hippocampal formation (HF) and entorhinal cortex (ERC) from each individual subject's structural MRI. Total volume (left ϩ right) is displayed for each ROI. There was no significant difference in volumes between controls and mild cognitive impairment (MCI), but patients with Alzheimer disease (AD) demonstrated evidence of atrophy (*p Ͻ 0.0005). figure 3 , the mean volumes of both ROIs are smaller in the Alzheimer disease (AD) group; no APOE effects or group by genotype interactions were observed. MCI ϭ mild cognitive impairment.
Figure 5. Hippocampal (HF) and entorhinal (ERC) volume by clinical group and APOE genotype. Data points indicate total (left ϩ right) volume of each region of interest (ROI). As shown in
coding is associated with better recognition memory performance in control subjects. [24] [25] [26] For example, in a previous fMRI study of MCI, both MTL activation and fMRI memory task performance in the MCI subjects were more similar to patients with AD than to controls. 5 We previously demonstrated that, within a different group of MCI subjects, greater MTL activation was associated with better recognition memory performance on the fMRI task. 6 In the present study, the MCI subjects performed similarly to controls on the fMRI recognition memory task, yet they recruited a greater extent of the hippocampus during the encoding of novel face-name pairs. Conversely, patients with AD exhibited poor memory performance on the fMRI task and showed less activation than controls or MCI subjects.
Differences between these previous studies in the localization of fMRI activation within the MTL are likely related to the demands of the memory task being performed by the subjects. That is, performance of the associative memory encoding task used in the present study was related to activation in anterior hippocampal and entorhinal regions, whereas performance on the scene encoding task employed in our previous study was related to activation in posterior parahippocampal regions.
Although these fMRI studies have been crosssectional, they and other neuroimaging and postmortem investigations suggest that alterations in MTL function follow a nonlinear trajectory over the course of prodromal AD. [27] [28] [29] The present fMRI data, along with those from our previous investigation of MCI subjects and from a study of individuals at elevated genetic risk for AD, support the hypothesis that there is a phase of increased MTL activation very early in the course of AD. 6, 30 Once the burden of pathology and neuronal loss accrues past a certain level and memory impairment becomes more pronounced later in the course of prodromal AD, and certainly by the time AD is diagnosed clinically, memory-related MTL activation is decreased. [1] [2] [3] [4] [5] There are a number of potential reasons for hyperactivation within MTL regions during memory task performance in MCI subjects. First, this may reflect the need for memory circuits to recruit additional neural resources in order to compensate for the accumulation of AD neuropathology, a mechanism that has been suggested by physiologic studies of animal models. 31 It is also possible that individuals with MCI encode information using a different cognitive processing strategy, which may in turn drive increased MTL activation. 32 In this context, the MCI subjects in the present study were highly educated, and thus it is possible that such neural or cognitive changes may reflect cognitive reserve. 33, 34 Alternatively, given that the MTL is highly interconnected with neocortical brain regions, changes in its activation may reflect differences in the recruitment of networks of brain regions outside the MTL, which have been observed in patients with AD. [35] [36] [37] [38] Finally, there is increasing evidence that mechanisms in-volved in neuroplasticity become aberrant in AD and contribute to neurodegeneration. 39 From this perspective, hyperactivation of MTL regions could be a marker of the pathophysiologic process itself. 6 Thus, these neuroimaging data may represent the macroscopic signature of a complex cycle of degenerative and compensatory processes at work in the AD brain prior to the development of frank dementia.
It should be noted that the mean hippocampal and entorhinal volumes in the MCI group in the present study did not differ from those of the controls, while the patients with AD exhibited smaller MTL volumes than both of the other groups. Even after correcting for volume, hippocampal activation was greater in MCI and diminished in AD compared to controls. This suggests that functional alterations within MTL regions during the evolution of AD pathology may precede the development of significant atrophy.
Another finding in the present study was that a greater extent of memory-related activation within the MTL was seen among individuals carrying an APOE ⑀4 allele. This result suggests a genotypic contribution to the physiologic phenotype of MTL activation, and is similar to findings reported in cognitively intact middle-aged individuals with a family history of AD. 30 It is, however, unclear whether increased memory-related MTL activation in association with an APOE ⑀4 allele only begins to appear as individuals age, or whether it is a lifelong genotypephenotype characteristic. In either case, increased MTL activation in APOE ⑀4 carriers may represent attempted compensation for the diminished synaptic plasticity associated with this genotype, which has been observed in animal models 40 and postmortem human tissue. 41 We did not observe a relationship between memory task performance and APOE genotype; such a relationship has primarily been reported in studies with larger sample sizes. 42 Although our focus on MTL function in individuals representing the mild end of the MCI spectrum had a number of advantages, it also led to several limitations. First, an objective memory impairment on neuropsychological testing was not required. As a result, the MCI subjects in this study may not be comparable to those in many other studies, and in fact represent a circumscribed subgroup of MCI within the larger longitudinal study. Second, longitudinal follow-up will be needed to determine whether the very mild MCI subjects in the present study are in the earliest phase of AD. Previous work by our group suggests that many such subjects demonstrate cognitive decline within 3 years and a proportion convert to clinical AD. 8 The increased proportion of APOE ⑀4 carriers in the very mild MCI group further suggests that the subjects are more likely to develop clinical AD in the future. Third, differences in MTL activation may be associated with between-group differences in other factors, such as APOE genotype or educational level, in addition to severity of clinical impairment. Other studies have suggested that cog-nitive reserve or intelligence appear to modulate both brain activation during memory task performance and clinicians' ability to detect cognitive impairment. 33, 34 The MCI group in this study was relatively highly educated, which could be reflected in MTL activation, although statistical adjustment did not indicate that this factor confounded the results. As is illustrated in figure 3 , even within this small sample of MCI subjects there is a range of MTL activation. Thus, the examination of brain activation data with respect to potential confounding factors, such as APOE genotype or level of education, may reveal distinct subgroups within MCI, but the necessary multifactorial analyses require relatively large sample sizes. Our ongoing work with larger samples of subjects representing the broader spectrum of MCI should enable some of these issues to be addressed.
It is important to recognize that the interpretation of fMRI data may also be confounded by alterations in resting metabolism or perfusion, 43, 44 which are present in patients with AD, APOE ⑀4 carriers, 45 and cognitively impaired individuals prior to dementia. 45, 46 Since the primary imaging measure in the present study was a comparison between activation during novel and familiar face-name pair encoding without a baseline condition, this potential confound seems less likely. Also, note that the blood-oxygen level dependent (BOLD) signal measured in fMRI reflects a coupled neural and vascular response, and therefore findings may be confounded by non-neural factors, including changes in neurovascular coupling [47] [48] [49] or vascular physiology. 50, 51 The data in this report and our previous study provide convergent evidence supporting the hypothesis that there is a phase of increased medial temporal activation early in the course of prodromal AD, prior to clinical dementia. This increase can be seen in the absence of significant MTL atrophy, suggesting that physiologic alterations may precede significant structural abnormalities in very early AD. 52 Thus, it may be possible to detect such alterations early in the prodromal phase of the disease, at a time when disease-modifying or neuroprotective strategies may have great clinical impact. 53 Further fMRI studies investigating the relationship between MTL activation, memory performance, and clinical status across the continuum of MCI should clarify whether fMRI measures can be translated into markers for early disease detection or a tool for monitoring the effects of disease-modifying therapies.
